Design of gold nanoshells via a gelatin-mediated gold nanoparticles self-assembly on silica core. Taking advantage of these dual properties, a GNS synthesis method based on ascorbic acid mediated gold ions reduction in presence of gelatin-modified silica particles (NPSiGel) is described. Our approach could be purposed as an alternative to the main known gold nanoshell elaboration methods described elsewhere e.g. (i) the galvanic replacement process 14 and (ii) the two steps seed-growth method. 15 Indeed, the main advantages of our approach comparing to the latter ones lie in the formation of the gold shell without a seeding step and without a preliminary synthesis of metal (e.g. silver or cobalt) gabarit particles that generally results in the formation of alloys.
Design of gold nanoshells via a gelatin-mediated gold nanoparticles self-assembly on silica core. Joachim A gelatin-mediated gold nanoparticles self-assembly has been performed on silica particles during gold ions reduction using ascorbic acid as reductant and PVP as stabilizer. Gold nanoshells with near infrared photothermal properties have been successfully designed.
In the past decades, gold based nanomaterials have undergone an important development and intensive investigations due to their unique optical properties coming from a so-called Surface Plasmon
Resonance (SPR) phenomenon. [1] [2] [3] Such properties combined to gold biocompatibility have found a great interest particularly in biomedical applications with the rising of Nanomedicine 4,5 and development of Theranostic agents. 6, 7 Until now, a multitude of gold plasmonic nanostructures have been described including nanospheres, 8 nanorods, 9,10 nanorice, 11 nanorings, 12 [28] [29] [30] have been successfully conjugated to gold nanoparticles to drive a specific organization. In this context, gelatin is particularly attractive for the design of gold nanostructure due to its good biocompatibility, capping properties and ability to reduce gold ions. 31, 32 We demonstrate here for the first time that gelatin can be successfully used as mediator of gold nanoparticles self-assembly on silica particles in order to generate GNS. Indeed, gelatin is known to strongly interact with silica through electrostatic interactions [33] [34] [35] and is able to bond noble metals via amino or carboxylate groups. 36 Taking advantage of these dual properties, a GNS synthesis method based on ascorbic acid mediated gold ions reduction in presence of gelatin-modified silica particles (NPSiGel) is described. Our approach could be purposed as an alternative to the main known gold nanoshell elaboration methods described elsewhere e.g. (i) the galvanic replacement process 14 and (ii) the two steps seed-growth method. 15 Indeed, the main advantages of our approach comparing to the latter ones lie in the formation of the gold shell without a seeding step and without a preliminary synthesis of metal (e.g. silver or cobalt) gabarit particles that generally results in the formation of alloys. 37, 38 Our synthetic procedure is described as follow: silica nanoparticles . XPS Si2p (a) an articles for differe Based on these results, a mechanism of gold nanoparticles selfassembly on NPSiGel can be purpose. As described in the experimental section, gold deposition is extremely fast since the color of particle solutions does not evolves a few seconds after each gold precursor addition. On the other hand, no secondary bulk gold nucleation (outside NPSiGel particles) was identified which was confirmed by SEM analysis during the centrifugation/washing steps.
These two observations are in agreement with an advantageous gold reduction at the very close vicinity of the NPSiGel particles surface.
Moreover, the ASA concentration (1.89 mM) leads to a pH value of 3.6 which favors strong electrostatic interactions between negative gold ions and gelatin (IEP at pH = 8-9) coated silica nanoparticles.
Moreover, due to the constants of dissociation of ASA (pKa,1 = 4.17, pKa,2 = 11.58), a majority of non-dissociated protonated form of ASA are present which promote hydrogen bonds between ASA carboxylate groups and amino gelatin groups as described for other systems. 43 This At intermediate x value (x = 1 ml, Fig.1d ), the absorption starts to undergo a significant red shift (λmax = 635 nm) with a resonance band broadening. This feature has to be put in relation with the increase of plasmon-plasmon interactions between gold nanoparticles. 20, 44 For larger amounts of gold precursor (x = 2 and 3 ml, Fig. 1e and Fig. 1f ), a higher absorption broadening occurs and is linked to the appearance of a dipole resonance mode at high wavelengths close to 800 nm as the gold nanoshell and hollow nanostructure is forming around
NPSiGel. Such mode is concomitant to lower wavelengths resonance contribution close to 650 nm probably associated to the overlapping of plasmon-plasmon interactions and higher order multipole modes as described by Mie scattering theory. 45 Finally, at highest gold concentration (x = 4 ml), the absorption is dominated by the dipole resonance mode of the formed GNS (peak at λmax = 802 nm). In conclusion, we developed an original synthesis method to generate gold nanoshells through gelatin-mediated gold nanoparticles self-assembly on silica nanospheres occurring during gold ions reduction. This constitutes an alternating method to conventional galvanic replacement and seed-growth approaches previously described. 14 
